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Abstract

This study was performed bead welding of pure titanium by using fiber laser. Since titanium is very sensitive to
oxidation and nitriding during welding, it is important to compose the shielding equipment compared with
different material. Thus side and coaxial shield nozzle, rail and chamber type shielding equipment are widely used
to protect effectively the weld during welding. Experiments were performed by changing nozzle angle and
distance using side and coaxial shield nozzle. The bead colors of gold, brown, blue, purple and yellowish white
were obtained by changing variables of shield nozzle, and then its weldability was investigated. As experiment
result, sound and not brominated beads were formed when side nozzle angle and distance were respectively

45° and 10 mm.
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Table 1 Mechanical characteristics of material

Mechanical ; ;
characteristics Yield Tensile Elongation | Hardness
———————\_ | strength | strength %) (Hv)
Material (MPa) (MPa) K
Pure titanium
(Gr.1) 193 300 33 116.7

shield gas
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S
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Side shield
¢ g gas nozzle

Specimen Specimen

<& Welding direction
(a) Side shield nozzle

<& Welding direction

(b) Coaxial shield nozzle

Fig. 1 Experimental setup for laser welding
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Fig. 3 Penetration properties with angle of side shield
gas nozzle in bead welding
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Fig. 4 Various bead shapes with distance between shield
gas nozzle-lip and laser incident point using side
shield gas nozzle in bead welding(f;=0 mm, P, =
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Fig. 6 Various bead shapes with length between shielding
zone and laser incident point using side shield gas
nozzle(f;=0 mm, PL=500 W, v=10 m/min)
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Fig. 7 Penetration properties with length between shield-
ing zone and laser incident point using side shield
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Fig. 8 Various bead shapes with distance between shield
gas nozzle-lip and laser incident point using co-
axial gas nozzle in bead welding(f;=0 mm, P;=
500 W, v=10 m/min)
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Fig. 9 Penetration properties with distance between shield
gas nozzle-lip and laser incident point using coaxial
gas nozzle(f;=0 mm, P.=500 W, v=10 m/min)

419



oy
ofN

=344

10
9el] UrEMTJr BE Z7dA 2ol e v=rt
dojgom, wEA) ST Atshikgo] WS
2 %71 HHTOH Adv| = g gelzlols & W}
el gksitt dvhiS el Avl SHE 4
gt B A vkt ST B =8 HT) ¢
=2 dEo] s7HE AAV] A E ST 4
Zp&wrt diides ashy] wid 5% A =F
A7t FE5E Azd gty ddEER 55
=EA8 8mmE HAe 2Ho=m Attt

32 HEMo 2 2872 &M

3.2.1 €359 nyz3

2]
ElEhE2 %7{3 T TAsks A Eel| weh vj=A

Holl 4 nm~F4 nme] 4F
07

77] wolch, whe}

30 mmellA Z47F A& F ULk Bl=Ae] FA ZA
A 2 2y 7ol 2l %] v A
AZAAQL F atel7h VYRR igtoyt, Ak =rt
Aslel weba] o 4] A7|7F A ZolA]
t AFS YepliQlth vjzde] dngd AL F
A~ 23 Zho] ) 2lo] HAEA] gton &
T 229 A7) o)A AU

3.2.2 H|=A | W =54
Fig. 11 7} vl=Ale] gt d=3% 225 e
ot AxAd 2712 315 100g, A 1022
stgom AzAlgde v=gw 200 mekfelA 100 m
AL —@EA‘}M

=3 A7, BA)Q] ATghe vAA A% 110~120 Hy
oln], &-&Ho ZEgte]l BAlS] AmgHTt sl
th 7} vjEAle] 885 Amghs vlwdk Az, vz

A& é M= “’]' ?4_ ]761% Abgsto] Wl =M g 1:;4114’ ZHA R0l AL uA~ AR 140~150 Hy o
AT A ERAA 54 setsigitt A hE] 1,34 Z7lslon wl=alo] 2l 9 g
A AR HEAE F 570 TUd JEF jc}o] 7% 250~260 Hvz ZAthe] 2ol o g 7
R Aertes wEds 2SR S AT mglo] A I w24, A, A4, A,
T ATt Fig. 100 Bl=Ae mE 85959 Bk gwg fog Arglo] Zrlsls fg% eI}
7 S ARS ekt A wE7hE 45°, 24 weae] 2A- AR 2850 Ange] v
& w=EAE 60°, AMe =FAU(L) Smm, A g fEE AREA g F SR UG
< =272](4) 25mm, 223 A= =3572(4) 5 gln) W] nTale] A @ gkl A &3
Bead
—color Gold Brown Blue Purple Yellowish white
Photo
oM
(x100)
oM
(¥200)
(a) nozzle angle=45° (b) nozzle angle=60° |(c) nozzle length( ¢)=5 mm|(d) nozzle length( #)=25 mm|(e) nozzle length( ¢)=30 mm|
Fig. 10 Cross section observed by OM with bead color(f¢=0 mm, PL=500 W, v=10 m/min)
— z 100 “i 100/ i!on z 100} 1 - it \"ﬁll'n‘ = > é 1oor <« m' 174\\_\’]1 v =
é E:i 00 o gy W ke e E; 300 EYIL AL LTI z:xon PEEIGE L T ;f.mm ;“ﬁ”“‘ E 300 3 :”‘
5 - 100 ".." ®, oosse 5 100 0o ...’.‘. 'IH o \ E 100 "AR '\;::9“ - 100 \- 150000 E 100 )
S e I I
=
= (a) Gold (b) Brown (c) Blue (d) Purple (e) Yellowish white
(nozzle angle=45°) (nozzle angle=60°) (nozzle length( ¢)=-5mm) | (nozzle length(.¢)=25 mm) | (nozzle length( ¢)=30 mm)
Fig. 11 Hardness distribution of the cross section with bead color(;=0 mm, P;=500 W, v=10 m/min)
420 Journal of Welding and Joining, Vol. 34, No. 5, 2016



80 0 ]

IIII ‘

S S

o o o

£ =]
o o
I I

Elements content (%)
oo
o
L

0

o\’l ot
W We

?,\oe ?\)(Q\

2
€
%\;\6\&@ «(e

Fig. 12 Results of EDS spot analysis on cross section
with bead color

37} Agelo] Age] A Asagone a9 &

xﬂﬂi _A:lal 2= o}]\

57do] gEABR o] tﬁﬂ A%
cho %_‘—*-1% AAsglth Fig. 12011 74 v =M up2
73] EDS A 24 A3 vepith A 242
3 104dE S48t ditgks Fsh
A A dae EHEh,
W, 2z wEAe] e 7t die] Pkt Ao/
HagkE eIt Hl=so]

“4—“‘1}\&

- =1, v, 2771, ‘O

A, A Y Aoz WSS Heby dge i
stplom A gl kao] g2 Irkste dde Ue
gtk A 8l i whe HE $AE AR
me vj=a A Al neb vEdd) ne
Je atesh davt g3l

2
244 2 A4 SYe
1

Bl 71l A

4. &2 B
gtolr] go|AE olgste] F7 0.5mme = ElE
e =2 3 Az}

152 Wakslo]l $1S AN
thed 2e 2es 9§ Jan
= Z_EE 2=

= = .

1) Alele Auwz HEE Wislslo] 438 Ay =
Z45=45°, Aole w=E2dy Aeyks A7}
219] Agl(d) =10mm, #olA ZAMY} A=rks &
AR AR L] A (£)=10 mmol|A] L@aie] oks 3l
HEE AS 4 919

2) % A=wZ AZ(d)E Wslele] A Ay}
DE ZdA ujale] 53l HEE A& 4§ g%l
o, B A¥dzang ddde] 2g Afde =F A

3) ‘ﬂEéﬂoﬂ w}% SR
H|=alo] A ZkA - A
2lo] A7|7} ﬂow% B
735 8RFe 240l oA EAEHIG

) H]r:/\ﬂo]] U}E 7(:,] E/H
AR 2A %A}?é} ﬁf—@” UrE}
] Hzﬂrﬂﬂ e goet fgol wh A 9 gy
e Axgke] IA dssleg FHald B3 SR
2 ddE

5) Hl=Aldl] w2 g5% ] EDS HEAS ¥
A=RUT A, A E ggko
FJEFE‘ sleko. 24011]_77_ /‘\l-_/;: ol 7&1_/,3 z‘ﬂ—aok

AeS enieie

:L}JJ A, 1—Aﬂ

i}
(

0.

References

—_

. Veiga C, Davim JP, Loureiro AJR., Properties and appli-
cations of titanium alloys:a brief review., Adv Mater Sci,
32 (2012), 133-48

2. Henriques VAR., Titanium production for aerospace
applications., J Aerosp Tech-nol Manag, (2009)

3. Peters M, Kumpfert J, Ward CH, Leyens C., Titanium al-
loys for aerospace appli-cations., Adv Eng Mater, 5,
(2003), 6

4. Saresh N, Gopalakrishna Pillai M, Mathew J., Investigation
into the effects of electron beam welding on thick Ti-
6Al-4V titanium alloy., J Mater Process Tech-nol, 83,
(2007), 192-193

5. Lathabai S, Jarvis BL, Barton KJ. Comparison of key-
hole and conventional gas tungsten arc welds in com-
mercially pure titanium., Mater Sci Eng, 299, (2001),
81-93

6. Greenwell T, Ramulu M, Labossiere P., Characterization
of tensile behavior in friction stir-welded titanium alloy,
Ti-6Al-4V., In: Proceedings of the SEM Annual Conference,
(2009)

7. Mironov S, Sato YS, Kokawa H., Development of grain
structure during friction stir welding of pure titanium.,
Acta Mater, 57, (2009), 4519

8. Balasubramanian M, Jayabalan V, Balasubramanian V.,
Effect of pulsed gas tung-sten arc welding on corrosion
behavior of Ti-6Al -4V titanium alloy., Mater Des,
29, (2008), 1359

9. Li R, Li Z, Zhua Y, Ronga L., A comparative study of
laser beam welding and laser - MIG hybrid welding of
Ti - Al - Zr - Fe titanium alloy., Mater Sci Eng, 42, (2011),
1138

10. Giuseppe Casalino, Michelangelo Mortello, Sabina L.

Campanelli, Ytterbium fiber laser welding of Ti6Al4V

alloy., Journal of Manufacturing Processes, 20(1) (2015),

250-256

421



12

7ul

ot

=344

11. Min-ho Park, Ill-soo Kim, Jong-Pyo Lee, Byeong-ju
Jin, Do-hyeong Kim, In-ju Kim, Ji-sun Kim, A Study
on HAZ Softening Characteristics of Fiber Laser
Weldment for High-Strength Steel, J. of Welding & Joining,
33(6), (2015), 27-35(in Korean)

12. Mokyoung Lee, Recent Trends of the Material Processing

Technology with Laser -ICALEO 2014 Review-, J. of

Welding & Joining, 33(4), (2015), 7-16(in Korean)

Yi Zhang, Yeyong Ying, Xixia Liu, Haiying Wei, Defor-

mation control during the laser welding of a Ti6A14V

13.

422

thin plate using a synchronous gas cooling method.,

Materials & Design, 90 (2016), 931-941
14. Ruifeng Li, Zhuguo Li, Yanyan Zhu, Lei Rong, A com-
parative study of laser beam welding and laser-MIG
hybrid welding of Ti-Al-Zr-Fe titanium alloy, Materials
Science and Engineering A, 528 (2010), 1138-1142
Xiao-Long Gao, Lin-Jie zhang, Jing Liu, Jian-Xun zhang,
Porosity and microstructure in pulesd Nd:YAG laser
welded Ti6Al4V Sheet, Journal of Materials Processing
Technolgy, 214, (2014), 1316-1325

15.

Journal of Welding and Joining, Vol. 34, No. 5, 2016



